This paper firstly analyzes the impact and mechanism of tax incentives on corporate financing, innovation investment and innovation output. Secondly, 1311 observations were selected from A-share listed companies as samples, and the propensity score matching method was used to empirically test the net effect of tax incentives on enterprise innovation. Thirdly, it uses linear regression model to analyze the factors affecting the level of innovation of enterprises. The results show that tax incentives have no significant effect on corporate financing and innovation output, but they have a significant role in promoting corporate innovation investment. And the scope of current policy is accurate and efficient. If the preferential treatment spreads to more enterprises, it can also promote its innovation investment to a certain extent, but the average promotion efficiency of preferential policies will be significantly reduced. Finally, it proposes policy recommendations to promote the innovation vitality of enterprises from the aspects of stimulating external innovation investment, perfecting personnel training preferential policies and tracking and evaluation of policies later.
Introduction
In recent years, China's demographic dividend has gradually disappeared with the aging of the population, and investment has also been constrained by problems such as overcapacity. The driving force of labor and capital factor investment on economic growth has declined. The economic growth rate continued to decline from 7.9% in 2012 to 6.7% in 2016 [1] , and the economy continued to exert downward pressure. In order to achieve sustainable and rapid economic development, China urgently needs to improve the contribution of total factor productivity to economic growth through innovation, and enterprises are the main body of innovation activities. The key to improving total factor productivity lies in stimulating the innovation vitality of enterprises and improving the investment, innovation output and management innovation level of enterprise innovation. However, the high risk of corporate innovation activities and the positive spillover characteristics of innovation results lead to insufficient innovation motivation of the enterprise, and market competition cannot make the innovation activities reach the optimal state. It provides a theoretical basis for government intervention and guiding enterprises to carry out innovation activities. Financial subsidies and tax incentives are the two most commonly used measures to stimulate enterprise innovation. Compared with financial subsidies, tax incentives have more obvious effects and have the advantages of wide-ranging, non-discriminatory and enterprise-owned decision-making. At the same time, they can allocate scientific and technological resources through the market which can reduce government interference [2] [3] . So, tax incentives are the main way for the government to stimulate the vitality of corporate innovation.
At present, China has initially formed a preferential system with corporate income tax as the main body to stimulate the innovation vitality of enterprises. The policy is concentrated in: the enterprise income tax of high-tech enterprises is levied at a preferential tax rate of 15%, the research and development expenses of enterprises are deducted by 175%, and the income tax of integrated circuits is periodically reduced or exempted. The policies are classified according to the action points, mainly focusing on the financial innovation of technology innovation, talent cultivation, R&D capital investment, technology transfer, and results transformation. Moreover, the scope and intensity of tax incentives are constantly increasing. In terms of policies, starting from 2018, the income tax of service-oriented technologically advanced service enterprises will be levied at a rate of 15%. On April 25, 2018 , the State Council executive meeting will launch seven more tax reduction measures to encourage "double-creation" activities. In terms of the total amount of tax reductions, in 2015, China supported the "double-creation" activities to reduce taxes and exemptions by more than 300 billion yuan, of which the implementation of high-tech related preferential policies for tax reductions and exemptions exceeded 140 billion yuan [4] . In 2017, the preferential policies for supporting "double-creation" activities were more than 500 billion yuan, of which high-tech enterprises reduced their income tax by 15%, and promoted the software industry, integrated circuit industry development, tax exemption, corporate income tax and other tax cuts of more than 240 billion yuan. The research and development expenses plus deduction policy exceeds 100 billion yuan [5] . In 2018, the tax reduction for high-tech enterprises in the first quarter reached 90.4 billion yuan, a year-on-year increase of 61.4% [6] . Based on this background, this paper starts from the theory, based on the Z. G. Huang previous research, further summarizes the induction mechanism and explores the transmission mechanism of tax incentives to stimulate technological innovation of enterprises, and opens the black box of tax incentives. Then based on the actual data of the preferential tax policies of listed companies in China, the actual effect of the tax incentives is verified empirically as a test of the effectiveness of China's tax incentives. Finally, we propose corresponding solutions based on the status quo of normal implementation.
The article is organized as follows: First of all, combined with the importance of innovation capability and the characteristics of enterprise technology innovation, it guides the necessity of formulating tax incentives in China. Secondly, by reviewing the relevant researches of scholars in the past, this paper analyzes and summarizes the existing research characteristics and laws of scholars on tax incentive innovation, and then explores the innovation points of this paper. Third, it theoretically analyzes the impact of tax incentives on corporate finance, R&D investment, and R&D output. Fourth, combined with the data of domestic listed companies, it empirically tests the effect of tax incentives on technological innovation of enterprises. Fifth, it analyzes and interprets the empirical results. Sixth, based on the previous research, it puts forward the policy recommendations for improving tax incentives to stimulate technological innovation of enterprises.
Literature Review
Scholars' research on tax incentives for enterprise innovation can be divided into the following three aspects: Firstly, theoretical research on improving tax incentives: this is mainly to analyze the characteristics and shortcomings of China's tax incentives, as well as the analysis and reference of science and technology tax policies in developed countries such as Japan, America and Germany [7] . Secondly, analyzing the function mechanism of tax incentive for enterprise innovation: although the analysis process and description are different, the views are similar. It is believed that tax incentives encourage enterprises to carry out innovative activities mainly by reducing costs, sharing risks, increasing expected returns and solving liquidity [2] [8] . Thirdly, empirical research on the effects of tax incentives: but there are major differences in empirical methods, variable measures, and conclusions. In the empirical method, the multi-linear regression model is mainly used in the early stage. The tax incentives are used to calculate the elasticity of tax incentives for technological innovation [2] [9] [10] . In the later stage, the propensity score matching method was mainly used. Through the matching of the propensity scores, the experimental group and the control group were constructed, and the average effect of tax incentives on enterprise innovation was measured by the difference of the innovation effects of the two groups [11] [12] [13] . In terms of variable measurement, most of the measurement of tax incentives only pays attention to corporate income tax concessions. The calculation method mainly depends on the difference between the nominal income tax rate and the actual income tax rate multiplied by the total profit [3] Therefore, this paper first classifies the tax preferential policies according to the action links, theoretically analyzes the transmission mechanism of tax incentives to stimulate technological innovation of enterprises, and then uses high-tech enterprises with high recognition as the experimental group, and simultaneously uses propensity score matching and multiple linear regression to empirically test the incentive effect of tax incentives on enterprise innovation.
Possible innovations in this paper: First, the use of propensity score matching and multiple linear regression to avoid the contingency of a single method leads to empirical results with high stability. Second, according to the characteristics of high-tech enterprises enjoying tax incentives and high recognition, this paper regards high-tech enterprise certification as a measure of enjoying innovative tax incentives, and accurately distinguishes experimental and control samples.
Third, according to the focus of tax incentives, we will study the impact of tax incentives on corporate finance, innovation investment (R&D personnel and capital) and innovation output (patent application).
The Mechanism of Taxation Promotion Promoting Enterprise Innovation

Promote Corporate Finance
Funding is the blood of enterprise innovation, and it is also the basis for cultivating innovative personnel and purchasing innovative equipment. Therefore, sufficient funds are the premise of enterprise innovation activities. First, due to the guiding role of fiscal policy, tax incentives will drive social funds into the innovation market. Secondly, from the information asymmetry and the "rational Therefore, innovative enterprises that enjoy tax benefits in theory are more able to finance than innovative companies that do not enjoy tax incentives.
Promote Innovation Investment
Although the tax incentives that encourage enterprises to invest in technological innovation can reduce innovation costs, increase expected returns, and reduce innovation risks, the impact on innovation costs is its main impact [19] . This paper focuses on the pre-tax deduction of research and development expenses (including additional deductions) and the preferential tax rate policy of corporate income tax, and analyzes the mechanism of its incentives for innovation investment. This paper analyzes the influence of pre-tax deduction on the innovation cost of enterprises by the standard cost model proposed by Jorgenson [20] . Equation (1) means that when there is no tax, the enterprise's innovation input cost. Equation (2) means that when the government collects income tax, the enterprise's innovation input cost. Equation (3) means that when the government gives the tax deduction, the enterprise's innovation input cost. Equation (4) indicates the reduction of the enterprise innovation cost after the tax preference is given. Because the value of Equation (4) is constant positive, tax preference reduces the cost of enterprise innovation.
( )
From Equation (1) to (4), c indicates the cost of innovative capital when there is no tax, q, r, d respectively indicate capital price, bank interest rate and capital depreciation rate, and all are greater than 0, c 1 indicates the collection of income tax rate of u when the innovative capital cost,
, c 2 indicates the cost of innovative capital when the government gives z as the pre-tax deduction of benefits, ∆c indicates the cost of enterprise innovation input after the preferential treatment.
As the cost of innovation declines, enterprises in pursuit of maximizing benefits will increase the investment of innovative capital, until the marginal income of enterprise innovation equals the marginal cost of new innovation. Or from the point of view of correcting the positive externalities of enterprise innovation 
Promote Innovation Output
Further, this paper analyzes the incentive effect of innovative tax incentives on innovation output. On the one hand, China's enterprise innovation is limited by the shortage of funds and poor financing channels [21] , according to the Cobb Douglas production function, the output of innovation will follow the level of R&D funds and the number of R&D personnel increasing. Authors also used empirical analysis to confirm that the R&D expenditures are highly correlated with patent output [22] [23]. On the other hand, the technology transfer exemption of income tax, technology transfer related information services exempt from value-added tax, the conversion of results to give scientific and technical personnel tax incentives and other tax incentives for the output side can directly increase the expected income of enterprises or individuals, and stimulate enterprise innovation output.
Empirical Research on Incentive Effect
Introduction to Empirical Methods
The propensity score matching method was first proposed by Rosenbaum and Rubin [24] . The basic logic is to first define the processing variables (policy , the outcome variables (policy effects), and a set of covariates that affect the results of the sample selection process, and estimate the probability (propensity score) of the sample being processed by covariates; then the experimental group was matched with the control group according to the propensity score value; finally, the mean value difference between the experimental group and the control group was calculated as the average treatment effect.
Variable Metric
Processing Variable
Since the propensity score matching method is a binary evaluation method, it is only necessary to find a variable that distinguishes whether the enterprise obtains a discount to divide the experimental group and the control group. At present, China's high-tech enterprises enjoy tax revenues close to half of the national preferential amount, which is the main target of tax incentives for technological innovation, and high-tech enterprises have high recognition. Therefore, this paper regards high-tech enterprises as experimental groups and non-high-tech enterprises as controls group. In the linear regression model, the number of holding companies that have obtained high-tech enterprise certification by the same listed company is an independent variable.
Result Variable
This paper measures the effects of tax incentive from three aspects of enterprise financing, innovation investment and innovation output. According to the research content of this paper and the existing literature on the above indicators measurement method [14] [16], we measure Corporate Finance (BC) by "(short-term loan + long-term loan)/total assets". Enterprise R&D costs (RD) and scientific and technological personnel ratio (RDP) are used to measure enterprise innovation investment; Using the number of patent applications (patent) to measure the innovation output of enterprises.
Covariances
Combining with the identification standard of "high-tech enterprise identification management measures" in 2008 and the research needs of this paper, the following indexes affecting the level of enterprise innovation are selected as covariance: Firstly, Enterprise Size (size): The Schumpeter's hypothesis holds that the larger the size of an enterprise, the more efficient its technological innovation is. Moreover, in general, the larger the scale of enterprises, the stronger the ability to resist risks, the more perfect the construction of innovative activities; Secondly, the Age of the enterprise: usually enterprises have different enterprise goals in different cycle stages, the start-up period, the development period of enterprises need to obtain market share through a large number of innovative products and R&D investment. Because the mature enterprise has the stable market share, the innovation motive force and the R&D investment is limited; Thirdly, the Enterprise equity concentration (focus): The agency theory holds that the concentration of equity is conducive to reducing the pressure of managers' short-term performance, but to the realization of long-term goals; Fourth, asset-liability ratio (DAR): Enterprises with low asset-liability ratios have a stronger ability to resist risks and more resources for innovation activities; Fifth, fast-moving assets (Cash): Enterprises with more fast-moving assets, with less capital turnover pressure, more capital can be used for R&D Innovation investment; In addition, there is a measure of the use of long-term capital to create profitability of long-term capital return (Rol). Due to China's east, Central and Western economic development is uneven, there are natural differences in innovation levels in different industries and selected industries (industry) and Region (zone) grouping variables.
The model variables are summarized as shown in Table 1 .
Sample Selection and Data Processing
Considering the availability and authenticity of the data, this paper selects observations based on the 2015 relevant data published by A-share listed companies. Considering the characteristics of innovation activities, this paper excludes financial enterprises. In order to make the data more stable and representative, this paper excludes the following data: the data is missing; there are special treatment records between 2013 and 2017; the establishment time is zero; the research and development funds are not zero but the research and development personnel are zero. Finally, a sample consisting of 1311 observations was obtained, of which 508 observations in the experimental group and 731 observations in the control group. The data was taken from CNINF and CSMAR.
Empirical Results and Analysis
Calculate the Average Processing Net Effect
Four propensity score matching models were established based on the enterprise financing level, R&D funds, R&D personnel, and patent applications. In order to obtain more stable results, each model is matched by four matching methods:
probability ratio, k-nearest neighbor, radius matching and kernel matching. The processing effects of the four models in different matching methods are shown in Table 2 : the average treatment effect on treatment group (ATT) indicates that the difference between the current preferential enterprises and the non-preferential enterprises, the average treatment effect on untreated group (ATU) indicates that if the current is not received by preferential enterprises after the change value, the average treatment effect on population (ATE)
represents the average preferential effect of the sample. Model (1) and model (2) obtained significant positive ATT values at 1% or 5% under each matching method, indicating that the current innovative tax incentives have a significant effect on promoting R&D funds and personnel investment. Except for model (2), the ATU is smaller than ATT in radius matching, ATU is less than ATT, and only part of ATU is significant, and ATE is significantly positive in each matching method, indicating that the current tax preferential policy is applicable Note: The number in parentheses is z statistic, ***indicates a significant level is 1%, **indicates a significant level is 5%, *indicating a significant level is 10%.
accurately and efficiently. If the preferential treatment is spread to more enterprises, it can also promote its innovation investment to a certain extent, but the average promotion efficiency of preferential policies will be significantly reduced. The results of model (3) and model (4) show that the effect of innovation tax incentives on promoting corporate finance and innovation output is small and not significant.
Model Checking
In order to test the robustness of the model, the balance test was performed on the data after the odds ratio matching. The results showed that 577 of the 580 experimental group observations were successfully matched, and 3 were not successfully matched. Among the 731 control group observations, there were 718 successful matches and 13 failed to match. That is, most of the samples are in the matching common interval, and the sample loss is less after matching. In addition, the standardized deviation test before and after the matching of each variable is shown in Table 3 : Except for the Focus and Manu variables, the standardization deviations of each variable are greatly reduced, and most of them are reduced to the level below 5%, that is, the balance test shows that the sample is ideally modeled by the tendency matching score method.
Further Research
Since the propensity score matching method is a binary processing method, it can only analyze the processing effect of the tax preferential policy. In order to further analyze the impact of each covariate on the level of innovation of enterprises, we take the number of enterprises in the sample experimental group obtained by high-tech enterprises as the independent variable (DTreat), each covariate as the control variable, and the R&D funding and R&D personnel as the resulting variables to establish linear regression models (5) and (6).
The regression results of the model are shown in Table 4 Table 4 . Results of linear regression models. the less R&D investment, which is consistent with the analysis results of the covariate selection. The concentration of ownership is negatively related to innovation investment, which may be due to contract incompleteness and information asymmetry. When the interests of managers and shareholders share conflicts, and the supervision is not in place, managers choose short-term management goals that are beneficial to them [25] . The scale of enterprise has no significant effect on innovation investment, which may be due to the non-linear relationship between enterprise innovation and scale increasing first and then decreasing [26] .
Conclusion and Suggestion
Conclusion of the Study
This paper firstly analyzes the role mechanism of tax incentives to stimulate ing industry and other industries has also decreased significantly. In addition, the more quick-moving funds and the higher the return on long-term capital, the more R&D investment, and the lower the asset-liability ratio, the less R&D investment.
Suggestions for Improving the Policy
Firstly, increase the incentives for external innovation investment, and guide the flow of market funds to corporate innovation activities. At present, the funds for innovation activities of listed companies in China mainly come from within the enterprise and the contribution from external finance is limited [27] . However, Chinese enterprises are in a financial system based on indirect financing. Traditional financial institutions, which are the main suppliers of corporate financing funds, tend to focus on physical assets and light intangible assets, which makes innovative companies that enjoyed tax incentives and reduced innovation risks fail to obtain more external financing. It makes the current innovative tax incentives just play a rewarding effect and a monetary effect promoting innovation investment, but failing to give full play to the market guidance role of the policy, and the external financing level of the enterprise is not significantly improved.
As a supplement to traditional financial institutions, speculative institutions led by venture capital firms are one of the sources of external financing for corporate innovation activities. Although our country has introduced tax incentives to encourage investment in these enterprises, it is currently only applicable to enterprises which are in the initial stage and the high-tech enterprises that are not listed. Therefore, this paper proposes to further increase the tax incentives for venture capital enterprises and expand the scope of application after summing up the previous experience, in order to broaden the financing channels of enterprises and reduce the difficulty of financing enterprise innovation activities.
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Secondly, it is recommended to implement a preferential training policy for talents at different levels to improve the quality of innovative personnel. On the one hand, the number of senior technicians required for innovation activities is limited. And the large-scale and strong innovation incentives increase the cost of peer competition for senior technicians. On the other hand, although the deduction ratio of employee training expenses has increased from 2.5% to 8% since 2018 and it will help the cultivation of technical talents and increase the number of technical talents in enterprises, the current use of staff training fees is relatively wide which may not be able to effectively and rationally allocate training funds. Increasing the number of innovative talents, but it has not effectively improved the quality of talents. As a result, although innovative tax incentives have significantly promoted corporate innovation funds and personnel input, the increase in innovation output is not obvious. It is recommended to establish a more specific policy that is positively related to the R&D personnel level, and
give a higher deduction ratio for the training of senior technicians to cultivate more high-quality innovative talents.
Thirdly, improving the efficiency of tax incentives by strengthening the follow-up and evaluation of tax incentives. On the one hand, in the face of huge tax incentives such as high-tech enterprises, enterprises may falsify materials, adjust the original structure to meet the conditions for high-tech enterprises, or obtain preferential treatment through the false declaration of intermediary agencies. On the other hand, a wide range of tax incentives may be applied to projects with a low marginal productivity, resulting in lower innovation output. It is recommended to increase the review of innovative preferential application materials, and require high-tech enterprises to regularly report to the public the innovative indicators such as research and development expenses, number of researches, development personnel and innovation results. Improving the incentive efficiency of tax incentives for innovation by eliminating false declarations and making tax incentives come true.
